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(54) TtUe: OCCLUSION OF A VESSEL 




(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion mem ben joined to one or more elongate members. 
The expansion member may include a braid, one or more colls, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate members. Alternatively, the expansion member may be expanded by heating It. 
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OCCLUSIOn OF A VESSEL 
Background of th» inwtiti-. 

Field of thn Inventim 

Th. preaent ovation relate, g»orauy „ the of . ve»el whhin o patient. ,„„ rare , peeif ta||y> 

to on epperatus anil method of partially or compfetety occluding o vessel. 
Dawriman of tha Retired art 

Attempt, tar.tof.re hava bean made to treat oceans in the carotid am™ loading to the breo, 
Howevor, W ch artarie, have been my difficult to treat becaure of the poaaibiSt, of dbfodgks, pboue which can 
enter vari.ua arterial vessa* of the brain and cause permanent brain dan**, Attempt, „ *,„ sucn oedujienj 
wnh balloon engioplasty he«e been va* limited because .1 auch danger.. In aurgieal treatment*. wc h aa 
endtutereetomy. the cerotid artery ia slit and plaque i. removed from the veaael in the sfit area. Such surgical 
procedurea have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedurea. auch a, in .npioplaaty and o, the treatment of peripheral erterias end vein,, there ia 
the posribity that the guide wires and catheters used in such procedure, during deployment of the aame may cause 
dbtadgeman. of debris or emboli which can flow downstream end cauae serious damage, auch a, stroke, il they 
oecfade blood flow in .meter voaeb. Thus, in summary, emboliiation end migration of rmcre-emboU downalream 
to en end oigan is a major concern of cardiologists during catheterizations. 

Thore is therefore need for now end improved apparatus and method, which make it poarible to treat 
ocduded vasal, without endangering the patient. 

Summary of tha [rggfej 

Bo present invention satisfies tha need for a device that occlude, a vessel, in particular, a vessel in a 
patbnt und..-,ok» therapeutic or other medical treatment. Any one of a number of different e,psn,io» members 
aro joined to one or more elongate member, auch a, hypotube, to form a device that completely or partially occb.de, 
e venal within a patient. Tha eipenaon member may be seH-espendmo. it may ba expanded by engaging it with 
one of the elongate member,, or it may b. heated to cause it to expand. A membrane preferably surrounds the 
extension mooter so that e seel i, made between the membrane and the veweL The perfusion of blood is allowed 
H the membrane ia perforated. Partial occlusion may be obtained without a membrane if a notable eapanrion 
member b chosen. In general, in one aspect of tha present invention, there is provided en apparatus and method 
that can be used with approved diagnostic end therapeutic davicea to reduce the chance of emboli migrating 
downstream. Alternatively, the expansion member mey anchor an intravascular device within a vessel. 

One embodiment of the preacnt invention i, a device for occluding a vaKubr segment, in which the device 
inchidea en ..pension member end first end second elongate members. Tha felt elongate member engage, the 
aapenaion member, and the second elongate member surrounds the first elongate member, with the expansion member 
expanding to occlude the vascular eegmant when one of the elongate members b moved longitudinally. The 
e.pansion member preferably includes a braid, a col a ribbon-like atructure. a started tuba, a plurality of ribs or a 
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In one part^r mMmL th8 ^ ^ . fc „ ^ ^ . . 

«... -can .,.„,„. member. * umt whM (ht r „, fl|an8Jt6 ^ , ^ tfvugb fc 

and the expansron member expend: » the fen , hng8tB ^ j, 

Another embodxnen, of th, bwumion h . mathpd occlude,, , „, whhb, . ,e*el. which mchrdes 
' " M °' " Wta ' ^ MC ' nd -'"««• — * * ~l «. b. ucduded (in which the firs, elenget. 

" TOn * Ml W "* » «* «'P »' -Tin. the position ., „ ha „ of the elongate 

" ,ha, ,hS MP - Bton «*■ « - «" ««- « comp.e,..y o, partial* ocduded. ,„ one 
embod™. .he verying step W. retracting en, „ the etange.e member a* i„ .„„„„ fc 

T! ! ' eP etmPri,M PUShin ° 008 " ,he -«* -*» «™.h the .the, elongate men**. h w ^ 

member . heated t. cause » ^ ^ th . , MseljJ „ ^ oeclu „ 8d . „ MtinB the Kpsn , on ^ 
may mv.lv., f.r example, passing ehrctric current tnrootf, it ., paaah, warm a.Mion over or near it. 
Brief Description pj ffif n,.^„, 
FIG. 1 ia a sid Mt .,a«i. W | view in section .( .™ embodiment of , cathete, appara.ux mcorporatin, ft, 
present invention for treating occtated vessels. 

FIG. 2 ia a side-.levati.nal vi W i„ aectien aimil,, ,o FIG. 1 hut showing the epparalus in FIG. 1 with the 
expanaon member (in this case, a self-exp.ndeble seal) deployed. 

FIG. 3 is , ,«„..,„!.„„ WM » ■„ Mction , f mm rf , eathit8r 8pparatut _ 

the present invention for treating occluded vessels. 

FIG. 4 ia , *, *», to FIG. 3 but abowin, th. expansion member (in this case. . seff-axpandable seal) 

FIG. 5 is a schematic, longitudinal urn sectional view of an embodiment in which a membrane only 
partially surrounds a braid used os the expansion member. 

FIGS. SA end 6B show end views of unperforated and perforated membranes, respective*. 

FIG. 7 is a schematic. longitudinal cros, sectional view ot en embodbnen, in which a braid without , 
membrane is used. 

FIG. 8 i, a schematic, longitudinal cross settionel view of an embodiment m which a filter-Bke mesh is used 
as the expansion member. 

FIG. 9 is a schematic, longitudinal cos, sectional view of an embodiment in which a slotted tube is used 
es the eipansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodiment of FIG. 9. 
FIG. 11 is a schematic, longitudinal cross sectional view of ,n embodiment in which a coil is used as the 
expansion member, and the proximal end of a membrane surrounding the col adjoins the coiL 
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FIG. 12 is a schematic, longitudinal cross sectional view of on embodiment in which o eo9 is used as the 
eipansion member, ond tha proiimal and of a membrane surrounding tha coil adjoins a sheath that surround, both 
first and second elongate members. 

FIG. 12A is an embodiment similar to that shown in FIG. 12. in which resistive heating is used to oipand 
tha eipansion member, with current being conducted through wires bain, attached to either side of tha expansion 
member. The expansion member as shown is partiafly deployed. 

FIG. 12B is an embodiment similar to that shown in FIG. 12A. in which resistive heating is used to expand 
tha expansion member, with current being conducted through a wire being attached to the distal end of the expansion 
member and through e coating on the first elongate member. The expansion member as shown is partially deployed. 

FIG. 13 is a schematic, side cross sectional view of an embodiment in which a plurality of ribbons are used 
as the expansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13. in which a warm solution passes between 
the first end second elongate members to transfer heat to the expansion member, causing it to expand. The 
expansion member as shown is partially deployed. 

FIG. 138 is an embodiment similar to that shown in FIG. 13A. in which a warm solution passes through 
tha first elongate member to transfer heet to the expansion member, causing it to expand. The expansion member 
es shown is partially deployed. 

FIG. 13C is en embodiment similar to that shown in FIGS. 13A and 138, in which a warn solution passes 
through one or more lumens in tha first elongate member to transfer heat to the expansion member, causing it to 
expand. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic side cross sectional view of an embodiment in which a plurality of robs are used 
as the expansion member. 

FIG. 15 is an isometric view of an embodiment of the invention in which a pull wire is used to deploy a 
plurality of norvself-expanding ribbons surrounded by a membrane. 

FIG. 18 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
relaxed, undeployed position. 

FIG. 17 is a side elevational view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membreno makes a seal with the vesseL 

FIGS. 18A and 18B show longitudinal and end perspective views, respectively, of e locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of an ahemative locking rredianism used with a wire that deploys an 
expansion member. 

FIGS. 20A, 20B, 20C. end 200 show, respectively, a braid, a filter-like mesh, a slotted tube, end e plurality 
of coils, which can be used as alternative expansion members in place of the ribbons in the embodiment of FIG. 15. 
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Btaa Baaania - -7 ^ — 

1 — — «» * ^^y c. W8 d of con*,,* Jurr09Dde(1 „ a ra(nhrin , „ 

- co^ ,c p,,.* cc^ of seeing „ *, vesttL Aj used heroin. ^ „ ^ 

noon portal ., compbt, blockage of fluid flow in , vascular seaman, , ' 

n«r<n.u. •« »gront. as it is sometimes preferable to allow 

LZ IT Mpan * n ^ m 09 * — — — — — " 
n — * * •* «- «*■ „ mm. th» d ^„»„, of „, racttan 

gather Apparatuses ond Srff.P.p.Mi.,, 

0* . m. ., a eh** ,„ t fc p(BS9m ^ ,„ 

1 ■ ri ■ pma,d wi,h • TouhyB ° w ,m > 657 *» -« * — — «* . 

- P™ * on ,h. ad.,., 666 ,a ^ as an 662. both „ which M in J 

efongatB member 652 for both of the fittings 661 and 662. 

mri" n,akeanV,Uitab,6 ^ F ""^ '-^'.Mltf.MffM 
of a suitable shape memory material such as a nickel titanium alloy that will attempt to eipand to a predetermined 
, ape memory. Other than shape memoty materials. othef raterite ^ „ ^ ^ 
o.h.f maten.U can be « in -ho M 667 „ tonn 8S rtBy haw fc ^ „ f ^ fc ^ 

saa, rn.cha„»m « raised. Ah. * should b. appreciated that the sen« fl sea. rn.ch.nUm 6B6 
can be c.rr^ad of an absorbent materia, which when „ ebsetbs saBne or btaod .spends ,. form . seaL Such 

2 TIT bK,m ^ " ^ n9M " arV " ' - * — ' * .» Prevan, 
small particles from moving downstream. 

m - ,n rr ^ " 4 ^ " b deiirabb 10 — <- — « . 

.fa — — such as a p^ r a biocmp,,*, c,a,*g which «.nd, ov.r ,h. braided „™ctur. 
887 an wtah wi* th. bta«ed strut*. 667 as i, .,p,nd, „d c^cta. The p.^, can be ., . turtaW . 

material such as sScone, C fbx, polyethylene or PET which . ■ , 

t ne or rt i which would form . good sealing engagement with the wall 
.f the artery. Th. covering 668 may be perforated to allow perfusion. 

A mechanism is provided for compressing tha sell-oipandfeig sealing mechanism 666 so that the apparatus 
can be .sorted into the .esse, 48, and consists ., an elongete atav. 77, baring pros™, end drsta. 
772 ond 773 and a bore 774 estendin, from th. pro.imal enr^y 772 ,. the diste. estremhy 773. A color 776 
amounted on prosbna. 772 of thesleeve 77, and i, peritioned n.,r the adapter 656. The coda, 776 

31 3 "» » «^ in Figur. 2 «, uncover th. seH,,p,ndin, seaSng 
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machanrsm 666 ahe, .he catheter has been depart , 0 ^ ths S8l< . np!ndil8 tBa(ng 666 ^ 

and forni a seal with the arterial vessel adjacent the (tenuis to be treated. 

Another embodiment of a cathatei epp.ratus for treating occluded vessels incorporating the present 
invention is shown in figures 3 and 4. As shown therein, the apparatus 781 consiMs „f , ^in, catheter 782 
having proxrmal and distal extremities 763 and 784. As shown, the distal extrenet, 784 is presided with a pre- 
formed band of a conventional type. A cnmrentional attechment 786 is mounted on the proximal astrensty 783. 
SeH-expanrJinB seal mechanism 781 is mounted on the distal extrenwy 784 snd is of the type hereinbefore described 
m connection with the embodiments shown in Figure, 1 and 2. A sleeve 796 sstriar to the sleeve 771 of the 
previous en.bod.nent is provided in the present embodiment fe, encasing the self-espanding seal nwchanian 791 and 
for releasing the same efter rt has ben. disposed in an appropriate position within a vassal adjacent the occlusion 
to be treated. Thus, a sleeve 796 is provided having prosimal and distal extremities 797 and 798 and hovouj a bore 
799 estending from the prosimal extremity to the distal extremity which is sired so that it can receive the guide 
cetheter 782. It i, provided with a coOar 801 on hs prosimal extremity which i, adapted to be disposed outside 
the petient and which is adapted to be grasped b, the physician for pulling the sleeve 796 proximaVy to uncover 
the xelf-oxpanding seal 791 after the apparatus has been deployed to permit the self-expansion of the sealing 
mechanism 791 to form a seal with the vessel wall as shown at Figure 4. 

In accordance with the hereinbefore described descriptions, it is apparent that the epparatux can be readily 
deployed and serve the seme function es the main catheter. To accomplish this, the assembly 781 can be introduced 
into the femoral artery and the distal extremity advanced into the desired locetion in the arterial vessel. After it 
nee been properly positioned, the physician can retract the sleeve 796 to permit the serf-expending seal mechanism 
791 to expend and to form a seal with the wall of the arterial vessel to occlude the arterial vessel and interrupt 
the flow of blood in the vessel to provide o working space distal of the occlusion formed. TKs prevents smaO 
particles which may thereafter be dislodged from moving downstream. Since e centre) lumen is available, the 
therapeutic procedures hereinbefore described can be employed with the catheter apparatus shown in Figure. 1. 2 
3 and 4. 

Although the salf-exparrdrng baling mechanism 666 (791| can be deployed by retracting the sleeve 771 
(798) as previously described, the sealing mechanism can also be deployed by pushing the flexible elongate member 
652 (guiding catheter 7821 through the sleeve so that the sealing mechanism can expand. This may be the preferred 
way of deploying the reeling mechanism 666 (79U if the/e is little clearance between the epperatus 6S1 (781) and 
the vessel widen which the apparatus resides, to reduce the risk el damaging the patient's vessel. As discussed 
below in connection with subsequent figures, the seaSng mechanism 666 (7911 may alternatively comprise members 
such as e cod. o ribbon-Bee structure, a slotted tuba, or a filter-tike mesh. In each case, the sealing mechanism 
expands to partially or completely occlude the vessel in question, or alternatively, to enehor an intravascular device 
to the vasseL 
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to 



Another Mm Ulinfl , bnm stnjctuf( , „ ^ ^ 
number 20 it dspasBd within a second elongate member 24 such si a hypotube. A salt upaiufog mslhanlra 28 

2 ^ 20. Tha ^e- stnictere 28 U onf, porta* ^ by , ^ ^ 
36 the, makes a sea, w,,h the patfenf, 40. (Ah™**. , roatin „ luch „ , J 

F.G. 5, Utebra-ed a™ 2B and membrane 38 am da*n,d t0 h SIynmatrjci , ^ mo „ ^ 
— d „ , h . praMral , d , o( th , ttructt „ 28. Tb. bra* „ tn . (mb ^ entl ^ 

27 r ,wh 7" * "* ** ^ -* * — «■ -» - - * .i tb, j: 

7„ " 8 ^ ' ei,hef ~ * "*» " ** - «- -an,, catbete, metbod a, b 

here*, these embodenent, may btfud. tan*, „p ira , tan and Ration ^ end alm a , thMe ^ fc 
The ^.ne 36 is prefaf8bhf jrnperwious ,„ th . How( of ^ )F|G Ba) (w ^^^^ nM ^ 

Pe t Jran ' ° h 3 """"" m8mtren8 36 ' » »*■ numerou, beta 37 therein ma, b, u,.d „ .the, 
appacabons to atow ,h. pau,^ a, Mood. Tb. h. te , 37 us preferab* ,r.,,er than ,0 necrona in diameter and 

Z1V ^ T" " ^ ta ' ,er '° * " k,Md - ™ — » 

throuph the membrane 36' whfc blocbin, partem, wrt aj embo, Ubewiae, a perforated 

memhram^S ma, be used h ,b. other ^.dmntad^h-ei, Anttthramb^encceatbt.acanb.eaedM 
heparin) to prevent thrombosis formation. 

FIG. 7 .how. an embed™, h ^ s bfjided ,„ 5() . ^ ^ ^ f 

may be u«d.,r,ble. a.,, emb.o or other paniculate, that may be formed o, dialod.ed during medico, procedures 
Thuo. th» embodiment is well suited far application, fa, which partus™ is required. 

Alternate seh^pand.,,, media ,r. shown h FIGS. 8 * 9. I, FIGS. 8 and 9. a saH-espandbta filter*, 
mesh 60 and a self-esp.^ , b , lH) tuoe 72 . „, by ( ^ ^ ^ . 

I IT ^ ,S,er * TCSh 60 ^ ,Ube 78 "* rambfSM 62 " ^ * —ed to , 

^7 M 7: n ber64 - S -'"» a ''^^ A-"N,he.the,seH,sp.ndm B m.diadU,o S edhere,. 
.he «,«,*. mesb 60 ,.r s.ott.d tube 72. expand, from ft, une,pand.d state when the flesiblo el^at. member 
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M » pushed thr.uoh a second elongate member 66. or aharnarwely. when ,ha MM nd *n,„, merrier 66 is 
retrected over the fast elongate member 64. The Mt mesh 60 (or .lotted tube 72) then expand, so , ha , the 
rnamhran. 62 forms , sea. with .ha surround., vessel 68. A guidewire * 70 aid, in guiding th. device through 
the vassal 66. Th. fiKer-fto mesh 60 and dotted tube 72 era .1 a suitable shap. ^ mta * ^ „ Niftal| 

G« ^00. «ain.e„ ,«..,. Tfc^^^ 
The slotted tub, 72 ha, a latticed appearance. The slotted tube 72 mar ba constructed. ,., enmpl8 . ^ 
eredrahng , thin-waeed tuba with a la,* beam to form hob, in the tub. in the shape ,f pofcons such as .Hon,, 
quadrfeterals. An unupanded. stottad tube 74 is shown in FIG. 10. 

FIG. 1 1 illustrates another embodiment, in which a coil 80 serves as th, rtt-eapandino mechanism. The 
cil 80 may be integrally formed with a first elongate member 82 or be otherwise specially joined to it. e.g. by 
welding or brazing the ceil t» the elongate member 82. The cod 80 is surrounded by e membrane 84 that expends 
wrm the coil whan it is pushed eut el a second elongate member 86. ar alternatively, whan the second etongate 
member 86 is retrected from th. coil 80. Thus. th. membrane torn, , seal with the surreundin, vessel 90. The 
membrane 84 may be attached directly to the first elongate member 82. or to a member 88 such as a disk that is 
in turn secured to the coil 80 or th. first elongate member 82. A guidewire tip 92 tor guiding the device through 
the vessel 90 may ba attached to th. fast elongate member 82 or to th. member 88. if one is used. 

An embodiment similar to that shown in R6. 11 is illustrated in RG. 12. in which the membrane 84 is 
acured at the prosimel end to a separate sheath 94. In this case, the sheath 94 and the first elongate member 
82 are attended together over and through, respectively, th. second elongate member 86. Assembly may require 
preloading the coil 80 through the distal end of the second elongete member 86. 

Another embodiment that employs e self-upending medium is shown in FIG. 13, in which a plurality of 
ribbon* 100 make contact with o membrane 102 who, they expand to urge the membrane towards the wall of the 
vessel 104 where h makes , seal. Th. ribbons 100 of this embodiment are preferably seared to e first elongate 
mamber 106 at both ends of the ribbons, by. for example, going them in place. The ribbons may be 0.001-0.004" 
x 0.005-0.020- x 0.25-1.0- strip, of Nitinol. stainless steel or Ekjiloy™ which expand whan urged out of the second 
elongate member 108. A guidewire tip 110 may be used for guiding the device through the vessel and is preferably 
aecured to the distal end of the first elongato member 106. 

FIG. 14 illustrates an embodiment similar to the one in FIG. 13, in which ribs 120 such as wires form a 
series of semicircular am when they expend. The ribs 120 are surrounded by a membrane 122 that expands with 
the ribs to form a seal with the vessel 124. The number of rib, 120 is preferably at laest three. The ribs 120 are 
preferably attached directly to a first elongete member 124 that is surrounded fay e second elongate member 126. 
The ribs 120 themselves are preferably made of a shape memory material such as Nitinol or stainless steel. A 
guidewire tip 128 aids in guiding the device through the vassal 130. 

As in the other self-expanding embodiments, the seK-eipamfing mechanism 100 (1201 is in an unexpanded 
state when enclosed by the second elongate mamber 108 11261. and expands when pushed or prilled beyond the 
second elongate member 108 (126). 
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1 Heat actwatpd omhn,.,^. 

^ "IT "! ,2 ir a, ° mmt aa M8d • — - • — - -p— 

— ■ A «* alon„t. manher 82 - „ , M „ „ ^ ^ ft ^ ^ ^ 

- w . ^ r „ hBt ^ an i(on ta 7 2 

..- 83 pm, „,„ ^ ^ or „„„, tha J9Mnd ^ ^ 86 ^ w attsch(i 
h. member „- on ^ „ , h . roj| „ mn . awfed ^ ^ ^ fl 

1 17*7 T sbremta u ,hl M ,h "° a 80 ' 

m m 1 7 M '° Uf ° e men,br,ne M " ^ ,h " — 1 waB 80 - «— * - *- « 
1 h ^ 82 ' " , te, ° * CM,hB 85 " " < w * — t * cat* 

* m8mba ' M ' ' - 1 ,0 "» — ■ « «•» c-™,, prefer-b^ bain B carrfcd by ft. cat*,, 85 
87 that . pro,*,*,, cannactad N , „ 8ith „ 1Kt „ d ^ ^ 86 „ fc ^ ^ 

FIGS. 13A. 138. and .30 iterate haw tea, transfer pair, , fcpdd can daplay an , mnsioB M . Th8 

expand, .vhan „ pMed „ teat In tha embodsnen, of FIG. 13A. . wan, «*. Mklttal 107 i} paMed „ rtwlen thB 

I"" 7 d ^ ^ 106 - « - - - ,te manbran. ,02. so .hat na rt „ ,r,„sferr.d t, 
the nbban, ,00-. Aa ,h, ribten, .00' haa, up. ttey eapand. tharaby urpb, tka mambrao, , 02 apainst «ha 
won ,04. Aa derated in FIG. 130, ,ha warn, a.na ,07 «, aba b. paaaed threu.h tha etol pa,a 
member .06 and than ftrouphhole, ,00 in member ,06 » thatthe salin. solution ,07 mor.daac.ly trensfer, hea, 
to the ribbons ,00'. In this embodiment, ona or mora boles 1 , , in .he membrane 102 (distal to where the seal with 
tho vessel w.» ,04 is made) may b. used to ,«ow the saBao s.btion ,07 ,. ,bw owoy bay.nd ,h. ribbons W 
-to haa, transler ,. tha rbb.n, occur. As M n HG. ,3C. «ha satne aobtion ,07 may *. bo passe. 

100 and the patianf, Wood ar. no, erased directly „ «y M Won. Usino b.a, transfer can also be appfcd 
lb. other ^Aodimao,, dUctosed herein. p«, Mrt the aspansian member is suitably construed. 
2= Mwbanicalvdanlnyedemh.,^. 

Other non-seJf^pandina seeSnp mechanic that can be used for ocdudinj a vessel are described below 
•a ^nbadbnan, of FIGS. ,£-,7. , ,i,„ elongito men*.. ,40. prafar.br, , pu.1 waa. U (wh M the d«i«, is 
camplater, »s«r«od, a,» C h.d .o a brace member ,44 that is in turn attached «, a firs, ring manner ,48 
Ad„,n,n B the first rin 9 mamber ,48 and a second ring roembar ,52 are a ptarafny o, ribbons ,56 that eatend 
batwean tha two rin, m^ars. Surrounding the ribbons ,56 n a membrao. ,60 ,ha, forms , s.,1 wht, ,b, 
P»,.enfs , 82 whm ,he ribbons ,r. aspandad. Tha nwnbran. ,60 i, joined to ,« lea,, on. and preferably 
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both of the ring member, 148 end 152. The membrane 160 can be joined to on* one of the nng member, 148 
and 152. for esample, when the membrane 160 estonds far enough in the longitudinal direct™ to permit the 
rrambrane to make a good seal with the vessel 162 when the ribbons 156 are deployed. 

To awnbb the device, the first and second ring members 148 and 152. the ribbon, 156, and the 
rmmbrane 160 are placed as a unit around a second elongate member 166. which has a pair of oppositely facing 
holes 170 and 172. The brace member 144 is inserted through the holes 170 end 172 and secured to both the 
pull wire 140 and the first ring member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This assembled configuration, with the ribbons 15B in their longitudinal oriantatioa is 
illustrated m FIG. 16. As illustrated in R6. 17. when the pull wire 140 is retracted, the ribbons 156 fshown in 
phantcmland the membrane 160 that surrounds them are urged towards the vessel 162. where the membrane makes 
a seal with the vessel. The ribbons 160 ere preferably resilient enough so that they return to their longitudinal 
orfentation when the pull wire 140 is released. The elasticity and resilience of the puU wire 140 else helps the 
ribbons 156 return to their undeployed configuration. A guidewire tip 171 may be used to assist in guiding the 
device to the desired location in the vessel 162. 

A preferred way of retracting the pull wire 140 a shown in FIGS. 18A and IBB. FIG. 18A shows the pull 
wire 140. which is attached to the brace member 144. A rotatable handle 180 is attached to a locking member 
184 which in turn is fastened to the pull wire 140. When the locking member 184 clears the second elongate 
member 166 within which it resides (which is preferably outside the patient}, the locking member end rotatable 
handle 180 may be oriented as illustrated in FIG. 18B to keep the puO wiro 140 taught, thereby preventing the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may be made of stainless or nrtino! 
and may have a diameter of 0.006-0X08 inches, for a catheter having an O.D. of 0.014", for example. 

An alternative to the deployment apparatus illustrated in FIGS. 18A and 18B is shown in FIG. 19. in which 
a handle member 190 is grasped by the clinician to retract the pun wire 140. thereby deploying the sealing 
nechanism. Once extended, the sealing mechanism preferably has the tendency to return to its undeployed position, 
which it the process pubs the pufl wire 140 back into the second elongate member 186. This can be prevented by 
inserting a spacer member 194 between the handle member 190 and the second elongate member 166. After the 
medical procedure is complete, and ocdusion of the vessel is no longer required, the spacer member 194 can be 
removed and the pull wire 140 end the seeing mechanism returned to their respective undeployed positions. The 
device can then be removed from the patient. 

Although the principle of using a non-self-expanding mechanism has baen atustrated in FIGS. 15-17 with 
respect to deformans ribbons, other non-self-expanding mechanisms, es Stustreted in FIGS. 20A-20D, can be employed 
in conjunction wflh the brace member 144 and the first and second ring members 148 and 152. For example, 
in«ead of using ribbons 1 56. a non-self-expanding braided structure 200 can be used, in which the braided structure 
200 adjoins first and second ring members 148 and 152 and is covered with a membrane 160 to form the unit 204 
shown in FIG. 20A. The unit 204 can be used in conjunction with an elongate member 166. a brace member 144. 
a guidewire tip 171. a first elongate member 140 such as a pull wire, a rotatable handle 180, and a locking member 
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184 to form a device analogous to the ribbon-based device af fir ic 

forarurinHth -I - ,„„ D00n - 0 " M « «C IS. Altemanveh/. ether mechanisms can be used 

for .acute, .be pufl we. ,43. such „ „ ^ ^ m „„„ , ^ ^ ^ 

Other -se^pan^ mechanisms such „ , M, ™„ 208. a slotted tube 2,2. and cefc 2,6 can 

I ™ " 22 °' * ^ ^ * ^ « « - » « *- H « 208 2 

in Jn 2M " *« ' — * * -» — « ^ P.rfu»oe « the 

^'^^,,.^3,0,™ 6 
3 6 ,0 PSrm ' "* * * '56. th. braided structure 200. the «,.,«. mM b 

ii* "tr r " ,he - 2,8 - * -* *■ - ' - - itrt 

naverthdesss.rraar to their aetf-eapandinB counterparts, 
■mention wffl suggest themselves to on. of ordinery skill in the art. 



WO 99/42059 B ^T.«t^^,,.. 

■11. PCT/US99/03544 

WHAT IS CLAIMED !£ • 

1 - A device far occluding a vascular segment, comprising: 
an eipantian member; and 

first and second elongate mambers, wherein said first elongate member engages said expansion member and 
seid second elongate member engages said first elongate member, satf expansion member expanding to at least 
partially occlude the vascular segment when one of said elongate members b moved longitudinally. 

2- The device of Claim 1, further comprising a material that adjoins said expansion member for 
creating a seai with the vascular segment. 

3. The device of Claim 2. wherain said material does not completely encapsulate said expansion 

member. 

4. The device of Claim 1, wherein said expansion member is a filter-Bee mesh attached to an 
"mdentalion within said first elongate member. 

5. The device of Claim 1, wherein said expansion member is in en unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5. wherein seid expansion member expends when said first elongate member 
is pushed through said second elongate member. 

7. The device of Claim 5, wherein seid expansion member is self-expanding. 

8. The device of Claim 7. wherein said self-expanding member composes a member selected from the 
group consisting of a braid, a coa. a ribbon-like structure, e slotted tube, a pbirnHty of ribs and a fitertfte mesh. 

9. The device of Claim 1, wherein said second elongate member b elso secured to said expansion 



10. The device of Claim 8, wherein said expansion member expands as said first elongate r 
retracted. 

11. The device of Claim 9. wherein said expansion member comprbes a member selected from the 
group consisting of a braid, a plurality of coils, a ribbon-tike structure, a slotted tube, and a fBter-like mesh. 

12. The device of Claim 9, wherein said expansion member expends es the relative position of said 
first and second elongate members changes. 

1 3. A method of occluding a segment within a vessel, comprising: 

inserting first and second elongate members into the vessel wherein the first elongate member adjoins an 



varying the position of at least one of the elongate members so that the expansion member expands untl 
the vessel b occluded. 

14. The method of Claim 13. in which said verying step comprises retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate members causes the 
expansion member to expend. 
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16. The method .» Om 14. in which the mm*n rrsmbo, adjoin, both to „ lt0 ^ ^ 
rebbv. potion of the eta,,*. n»ntor, b varied to «h. cpon,™ ^ unta th , msej fc 

17. The method .1 Cain, 13, in whd, *, vary* 3 ,ep compriae, puahir,, one ,( the slooo.,, 
manners through the other elongate member. 

18. The method of Claim 13, further comprising: 
performing a medical procedure near the occfuded site; and 

retrieving the elongate members and the expansion member from the vessel 

19. A 



inserting an expansion member within the vessel; and 

heating the expansion member to cause it to expand until the vessel b at least partially occluded. 

20. The method of Claim 19, in which the expansion member is comprised of a material selected from 
the group consisting of heal activated Nitinol and an iron base shape memory alloy. 

21. The method of Cteim 19, in which said heating the expansion member comprises passing electrical 
current through it. 

22. Th. method of Claim 19. in which eeid he** the eapanaien member cempme, flowing worm 
solution near the expansion member to heet up the expansion member. 
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FIG. 7 
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FIG. 15 
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FIG. 1 7 
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